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POiiiiV/ORD 



In 1819, the United States ship S.S. SAVAUUAH made 
the first crossing of rhe Atlantic assisted by a small 
steam engine. It v/as a daring enterprise sponsored by 
American shipping interests. This first venture v/irh a 
nev/ technology proved to be a commercial failure and the 
engine and boiler were removed to make room for addition- 
al cargo . SAVAKUAH ended her days as a conventional 
sailing ship . 

Tv;enty years later, the British ship SIRIUS crossed 
the Atlantic propelled entirely by steam. Thus began 
the development of the powerful British steam propelled 
merchant fleet and seventy-five years of maritime domi- 
nanc e . 

Nov/ one hundred and fifty years later, it may be 
that history is repeating itself. 
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.^BS'i'KAOi’ 



BAe Goiainant purpose of 'ouis sfuUy is a realistic 
exa.uination of the economic f easiBility of incrcnani ship 
nuclear power and its relevance to the present state of 
crisis in the merchant marine of the United States. 

I’he study reviews the origins and current status 
of U.S. maritime law, its archaic system of direct and 
inairect subsidies which tries to maintain U.S. ship- 
ping interests on a. competitive basis with foreign 
nations, and the failure of this system as evidenced by 
the post-war decline and present a.bject state of our 
merchant fleet. It unaerscores the principal causes 
for maritime decay as high costs of construction and 
operation under the U.S. flag, labor strife, antiquated 
legislation and the failure to agree on a course of 
remeaial action. It is suggested that the merchant 
marine of the United States which today carries only 
lia of our total import and export trade, be revitalized 
in the interest of national necessity. 

An examination of the current state of world mer- 
chant ship nuclear power is conducted and it is conclu- 
ded that leaaership in maritime nuclear propulsion has 
passed into the hands of other nations. A representa- 
tive sample of the forces that control the future of 
merchant ship nuclear power in the United States is pre- 
sented. This sample indicates that the positions and 
attitudes of these forces are in conflict and that the 
result is complete stagnation of a merchant ship reac- 
tors program. 

The study then describes the construction and op- 
eration of a mathematical model of a hypothetical, but 
realistically configured contemporary merchantman in 
v/hich all costs of construction and operation are con- 
tained. The model is operated under identical condi- 
tions in both a conventional and nuclear mode ana the 
results of operations are economically compared. 
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01' roalioxic variable o ic 



A senoitivity analysis 
conducxed to determine tliose operational i'n.ctors tnar 
eonxrol tne coapetiiive envirorsflent between nuclear pro- 
pulsion and oil fired snips. I'hc results of operation 
ana sensitivity analysis find tnat nigh pov/er, long trade 
routes, short turnaround time and high reactor utilisa- 
tion are the requirements for competitive maritime nuc- 
clear po'wer and that these requirements are not met in 
the ship under study. 

A review of recent estimates and forecasts for the 
supply and demand of fossil fuels is conducted. As as- 
sessment of these forecasts indicates that the v/orld 
bann of fossil energy is being rapidly uepleted, part- 
icularly in the case of oil. I’he importa.nce of these 
diminishing reserves to the transportation industry, 
vi/ith particular emphasis on ocean commerce is explored. 

xhe study concludes that there is no competitive 
basis for nuclear propulsion on contemporary merchant 
ships since the conditions for economic parity with 
conventional installations cannot be realistically met. 

A review of current changes in the maritime industry is 
made, and it is suggested that a new concept in total 
transportation is emerging which sees the ship as a sub- 
system rather than an economic entity. This review 
suggests that the requirements of this new maritime 
concept are moving in a direction that will meet the 
conditions for competitive merchant ship nuclear power. 

A conditional merchant ship nuclear power program 
is recommended eaid described. The program calls for 
governraent support for a research and development pro- 
gram that \vill result in a packaged nuclear steam supply 
system for installation in a series of selected ships 
whose characteristics meet the conditions for competi- 
tive nuclear power. The basic conditions for govern- 
ment support are the acceptance of standardization of 
design to achieve the economies of volume ana that ship- 
owners demonstrate that a need exists for ships that 
meet the conditions for economic parity. 
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I. 

IN'x'KODUCTIOIT Aa'D HI3T0AICAL xi2VT^\i 
A . Preface 

The interface hetvvfeen nuclear propulsion and its po- 
tential application to commercial marine use cannot be 
studied in isolation from pertinent history. The purpose 
01 this part is to acquaint the reader with the basic back- 
ground of United States maritime law so that subsequent 
sections of this paper are put in proper context. 

3 . The U.S. Ivlerchant Marine Act of 1936 

The constitution of U.S. maritime policy is the Ivler- 
cnant marine Act of 1936. The lav/ v/as passed because ship- 
building and wage costs had priced the privately owned U.S. 
merchant fleet out of competition with foreign flags. In 
an attempt to stem the decline of the U.S. Merchant Marine, 
the Act of 1936 introduced a system of differential sub- 
sidies for the construction and operation of cargo liners 
on specified essential trade ’routes . 

But the Merchant Marine Act served a broader purpose 
than the surface aspects of economic competition with for- 
eign nations. It declared the maritime policy of this 
country to be that the United States should never be at the 
mercy of foreign ships or foreign shipyards. It recognized 
that an efficient and economic national merchant fleet and 
shipbuilding industry v/ere essential to our defense posture. 
Its concepts called for a U.S. -built, U.S. -owned and U.S.- 
manned fleet of merchant ships capable of transporting this 
country's domestic waterborne commerce, a substantial por- 
tion of its foreign trade and supporting the armed forces 

5 * 

as an effective auxiliary in time of national crisis. 

Revision of the Merchant Marine Act is the center of 
an epic controversy between and among elements of govern- 
ment, shipowners and shipbuilders in the United States 
today. It is not the purpose of the Act which is contest- 
ed, but its provisions for subsidy. 



^Throughout this thesis, superscript numbers refer to the 
similarly numbered items in PART VIII, LITERATURE CITE3, 
used in support of statements preceding the superscript 
number . 
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G . Sub slay Provisions of the ' 
2'ne Tdii^Q and variety oi cove 



e r c h e.n t V. e.r i n e A c x 
nnent aids to the nar- 



itir;*e industry is conplex and no purpose will be served by 
a detailed presentation in this study. 2he basic subsidy 
provisions of the ilerchant ivlarine Act of TS36, as aniended, 
are as follows:^ 



1 . Construction Subsidy 

Under the authority of Title V, provision is made for 
a construction differential subsidy for ships engaged in 
foreign commerce. This subsidy is limited to 55?^ for car- 
go liners and for passenger ships. The purpose of the 

subsidy is to enable American shipowners to construct ships 
in the United States on a parity with their foreign com- 
petitors. ?unds appropriated for this purpose amounted to 
$145,000,000.00 in 1968.^ 

2. Oneratin?: auDsidy 

Like the construction subsidy, the operating differen- 
tial subsidy is given to ship operators to place American 
vessels on a par v;ith those of foreign competitors. The 
amount of this subsidy is based on the difference between 
the fair and reasonable cost of insurance, maintenance, re- 
pairs, wages and subsistance and the estimated cost of the 
same items if the ship were operated under foreign registry 
Any profits made in excess of 10% are recaptured by the gov 
ernnent to the extent of 50 %. ?unds appropriated for this 
purpose amounted to $200,000,000.00 in 1968.^ 

3 . Tax Benefits 

Section 511 of the Act provides for xhe esxablishnent 
of construction reserve funds. Shipowners may deposit pro- 
ceeds from the sale or indemnities from the loss of ships 
into this fund. Any gain on such a transaction is tax-free 
if the deposits are used for the construction, reconstruc- 
tion or acquisition of another ship within a specified time 
The allowable depreciation on the new ship is reduced by the 
amount of gain. 

Operators receiving operating differential subsidy ob- 
tain tax concessions for the deposit of earnings into res- 



erve fur.cio. Under the aut.'iOrity of section 607(h) of the 
Act, all such deposits of earnings, including capital .;ains, 
are xa:c deferred, fhus, so lor^ as an operating differ- 
ential Guosidy agreement remains in effect and no earnings 
are v.'ithdrav/n for purposes other than the construction, 
reconstruction of acquisition of a new ship, these " ta:-:- 
def erred" earnings are in effect, tax exempt. If earnings 
are withdrawn for any other purpose, they are taxaole as 
if earned in tne year of withdrawal. 

4 . Other Suooorts 



Additional aid is granted to U.S. shipowners in the 
form of new investment tax credits, government insurance 
of commercial loans and mortgages for the construction or 
reconstruction of ships, direct loans for subsidized con- 
struction at attractive interest rates, acquisition by the 
government of privately owned obsolete vessels in exchange 
for an allowance of credit to the shipowner or shipbuilder 
on new ships and preferential routing of government-owned 
or financed cargoes on u'.S.-flag commercial ships. 



'i'he reader now has some appreciation for the av/esome 
extent of government support to the United iJtates maritime 
industry. The scope of this aid can be further appreciated 
by comparison to the assistance provided by other prominent 
maritime nations to ships ca.rrying their flag. This data 
is presented in Table I on the follov/ing page. 
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^ Pailure of the Unixed States ivlarlxirne PrOi'^ran 
Despixe the injection of nearly five billion dollars in 

7 

snosidy r.oney during the past 30 years, ' the narixirae pro- 
gram of the United Staxes is bankrupt by any standards. 
Depending on viewpoint, this failure is because or in spite 
of the concept of the Merchant Marine Act of 1956. 

1 . The Present State of the U.S. Merchant Marine 

The United States has a recurrent history of post-war 
maritime decay and there is no more eloquent testimony to 
the magnitude of this American tragedy tnan a review of the 
familiar pattern that emerged from World War II. When the 
U.S. entered the hostilities, our merchant marine base was 
totally inadequate to the logistic need. A merchant fleet 
was constructed on a crash basis at a staggering cost. These 
ships and the men who sailed and died in them performed an 
heroic task, following the war, the usual sacred- oaths 
were taken that this must not happen again. It has. 

The U.S. active flag fleet which consists of privately 
owned snips and goverrment vessels not in the national Def- 
ense Reserve 'fleet has dwindled from 1617 ships in 1950 to 
1157 iu 1966. This represents a decline of from H.lfo of 
the world fleet to 6.8%. Table II shows the number of U.S. 
ships and their percentage relative to the world fleet dur- 
ing this period; 

TABLE II® 

POST WAR DECLIRE 0? THE U.S. MERCHART MARIRE 





1 1950 


i960 




TA'UKERS 


I 457 (21.5%) 


277 ( 7 . 7 %) 




BULK CARRIERS 


1 54 ( 9.6%)' 


57 (2.7%) 




FREIGHTERS 


1 1049 (13.6%) 


804 ( 7 . 5 %) 




P A S S AD G- Arc / C ARG 0 


(i 

i 57 (5.2%) 

•1 


29 (3.4%) 


I 


TOTALS 


1 

1 1617 (14.1%) 


1167 (6.8%) 


j 

i 

j 

'] 



o 



3y cori-trast, soiue of our world v/ar friends and foes 
have had a different post-v.'ar experience as indicated by 
fable III: 

m A r; T v r T ~ ® 

HSVIVAl 01 PHE'u'Ah hAHIflAn P0'.;ERS 







1950 




1966 


- } 


"* /■ .* ■' ,T 

JXx'i 


;i 

ii 


587 


(5.4%) 


1405 


(8.1%) 


U.S.S.R. 




432 


(3.8%) 


1343 


(7.8%) I 


ROR./AY 


A 

a 


959 


(8.5%) 


1356 


(7.8%) I 


\i . GRRRAHY 


1 


174 


(1.5%) 


860 


( 5 . 0 %) ; 


C'REBCR 


1 


218 


(1.9%) 


952 


(5.5%) j 




li 









[ 



A comparison of the U.S. merchant marine with that of 
the U.S.3.H. today is an enervating experience. The num- 
ber of U.S. active flag ships has nov/ reduced to some 
7 

1 'I T 5 ships and more than 90‘y!> of these are 20 years old 
or older, ^ These ships are carrying little more than 7^ 
of the total UrJ.ted States foreign waterborne import and 

5 

export trade. Our present rate of ship construction is 
about 12 per year. At that rate, the U.S. v/ill have an 

5 

active fleet of some 557 ships oy 1972. 

The number of merchantmen flying z'as ensign of the 
Soviet Union has grown to over 1400 ships and of these, 

7 

approximately 58?s have been built since 1958. The U.S.S.H. 
is now building ships at the rate of about 100 annually. 

Russia had declared a shipping war on the west and 
there is little doubt that she means to win. One of her 
initial te.rgets is the Rurope-Australia trade and passen- 
ger routes, Russian merchant ships are offering Ruropean 
wool importers shippirig rates 15% below competition. Soviet 
passenger fares are about SI 50 lov/er than the lowest price 
charged by the British and V/estern Europe lines. Ironically, 
some of these ships are homeward bound after having unloaded 

< r\ 

vjslt materials on the docks of Haiphong. ^ 
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respite previous predictions by the Dopartracnt of Def- 
ense to the contra.ry, 98/^ of our \var .nateriais to Viet Dan 
and tv.’O-thirds of our troop stren<^th in that area have been 
transported by sealift.'' Our merchant fleet has not been 
eq^ual to the task. To provide today's military sealift req- 
uirements, a poiygenetic fleet has been assembled consis- 
ting of some 'i44- ships from the aging National Defense 
Deserve ?leet (NDDP), 27 Military bea Transportation acr- 
vice (M3TS) freighters, 25 MSTS tankers and about 20 for- 
eign flag tankers in addition to about 45'/o of the privately 
owned u.S. general cargo fleet and 257^ of the U.S. private 
tanker fleet.° 

Commenting on the adequacy of the rlDRP to meet Yiet 
ham sealift requirements, the Maritime Administration 
stated : 

"...it is more meaningful to say that unless the reserve 
fleet is replaced, there won't be a reserve fleet due to 
its age and state of repair," 

2 . The Present 3ta.te of the U.S. Shinbuiiding Industry 

Prom the foregoing, it should come as no surprise to 

learn that the United States is not the leader in world 

ship construction. Estimates of her actual position vary 
1 2 5 

from 8th to Hth. In any event, it is not position on 
a scale that matters; what counts is how much business 
you are doing. Lloyd's Register of Shipping sets present 
world shipyard orders at a record high of 40,632,120 tons. 
The U.S. received only 5;^ of these orders. The world 
leaders in shipbuilding today are indicated in Table IV: 



JAPAN 
Sv/SDRh 
W. GERMANY 
PRANCE 

U.K. 



TAELS IV 

V/ ORLD SHIPBUI LDIiCG 

Shipyard Orders in 

17,646,189 

3,001,255 

2,587,923 

2,456,588 

2 , 094,000 



LEADERS 

Hand (1968J ^‘^ 

tons 

tons 

tons 

xons 

tons 
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The Causes of failure 



There is a plethora of reasons v/hy ohe maritirce pro- 
t;jran of tne united bta.tes has failed and each is v/orthy of 
a dissertation. This study will confine itself to a brief 
aiscussion of tne principal causes. 

• hith Costs 

The u.S. Merchant harine is unable to compete on the 
world market now for the sane reason it could not in 1956. 
It costs about twice as much to build and operate a ship 
under the U.S. fla^ as under foreij^n registry. An exam- 
ple will serve to illustrate the point. On 1 llovenber, 

1963, contracts were signed for the construction of three 
common carrier freight ships by the General Dynamics Corp- 
oration for the Lykos Brothers Steamship Company, Inc. 
Scheduled for completion in 197'!, the construction price 
is 332,617,553.00 each. The government is paying for 555^ 
of this cost under the construction differential subsidy 
provisions of the merchant marine Act of 193'6. Dykes 
president, frank A. Bemec, said the cost for constructing 
these same ships in Japan would have been about 313.5 
million each, but the Dykes Company is building them in 

"5 

the united States to be eligible for continued subsidy. 

By "continued subsidy", I.lr. Hemec is not referring to the 
55/^ already committed by the government to tne construction 
cost of these ships; he is undoubtedly referring to the 
operating differential subsidy his snips v.'ill be eligible 
for by virtue of being built in the United States. The 
law prohibits foreign built ships from eligibility for 
the operating subsidy. 

Unfortunately, the high cost of U.S. involvement does 
not end with construction, for the tv/enty to twenty-five 
years of the ship’s life after completion, she faces the 
a.dditional competition of operating costs. An example of 
the degree of this competition is presented in Table V on 
the following page. 
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47,000 uaao.,aigho 'x’g:: BuAK oaaaiaa ukoax galaovaa aaoig'i'aia 



X lag 
Crew : 



-A* 1 

Crew 

Aepair Days 
Operating Days 



Payroll 

Depreciation 

Aepair s 

Overhead 

Stores and 
Provisions 

Insurance 

Other 
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S 1 84 , 000 


( 29 )!| 


S 232,000 


( 31 )| 


1 250,000 

i 


( 39 )} 


250,000 


03 )\ 


88,000 


( 14 )| 


88,000 


( 12 )| 


i 

1 






1 


30,000 


( 5 ). 
ii 


50,000 


( 4 )§ 
( 12 )| 


24,000 


( 


88,000 


i 

47,000 


( a| 


47,000 


1 

( o)l 



154,000 ( 10 ) !■; 

50,000 ’( 5 ) 

84,000 ( 5 ) ^ 

I 

105,000 ( 7) I 

19,000 ( 1 ) I 19,000 ( 3)|i 19,000 ( 3)f 



Petal Annual Cost j - 1 , 534 , 000 



Cost per Opera- 
ting Day 



S 4,446 



si 642,000 

lli ^ 



Si ,861 



754,000 



S 2 , 1 86 



*1 Typical modern out non-automated hulk carrier. 



*2 Straight line Oasis over a 20 year period 
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iiie cost a.r.d conduct oi Aracrican raaritine labor is a 
pervading factor in tne failure of tbe nariiine program. 

As shown in Table Y, the wage differential betv/een American 
seamen and those of owher nationalities is staggering; for 
one of the comparative examples, the wages paid to the U.S. 
crew nearly equal the total annual operating cost of the 



other . 

After returning to her service facilities in Galveston 
in 1965, labor disputes brohe our on the nuclear ship h.S. 
SAYAlTiiAK, These disputes centered on pay diff erentials 
between the engineering and deck departments. The strike 
could not be settled. As a result, the ship was immobil- 
ized for a year. The government was forced to start all 
over again with a new General Agent for operation of the 
ship. Contracts had to be negotiated with different mar- 
itime unions and a new crew had to be trained to operate 
1 4 

the ship. During the second year of experimental oper- 
ation, 1966-1967, the average 'wage paid to the 66 man 
cre’w of SAYAhhAtl exceeded 618 , 000 . Oo!^ 

The United States had demonstrated the peaceful use 
of the atom to the world through operation of the SAYAkUAH; 
it had demonstrated something else to prospective nuclear 
merchant ship operators in this country. 

In a statement before the Subcommittee on Merchant 
marine of the U.S. Senate on 10 Kay 1968 , the Secretary of 
Transportation, Alan S. Boyd, summed up the problem of 
maritime labor: 



OI 



"If the U.S. merchant marine is to respond to 
the American shipper, both management and labor 



the needs 
must 'Work 
recurring interruptions in service 
interruptions destroy con- 



Such 



closely to eliminate tne 
caused by work stoppages 
fidence in U.S. -flag carriers. Shippers consequently turn 
to foreign-flag vessels for their needs. 

A series of labor-management agreements. 



wage 



1965 to help assure 
plished the opposite. Under 
bers of one union receive a 
other maritime unions can reooen their 



negotiated in 



scaDilicy, have in practice accom- 
these agreements, if the mem- 
increase or other benefit. 



wage 



me too ' clause and demand arbitration to 

time several unions ha.ve 
st union is in a position 
others - and the 



contracts through a 



increase . 
creases, the 
is once 
over 



By the 



fi: 



a,gain behind the 



again. " 



ootain a matching 
received such in- 
to assert that it 
eye-- starts all 



1 'I 



Because of tills oractice 






inci'ease 



y ia.ve risen r.ore than 30yo 
federal ex'oendi "cures rnroe 



eriUloynent costs in the 



ince 19o5. 



fhese co; 



1/ s 



o' 



me operating suo- 



siay pro{^rar.i ana shipping costs o; 

They dininish me aoility of me U.S. nerenant marine to 



uovernraent cargoes . 



loroicpn fleets, hot only do spiraling enploy- 
onreaien the indusrrj'' wish economic ruin, tney 

, tney nave a sliat- 



compe"^e witn 
ment costs thre 

imperil the American puhric as well, fo 
tering impact on our haxion's wage-price stabilization 
objectives . " 



3 . Outmoded Legislation 

V.hen the merchant harlne Act of 1956 was drafted by 
Congressman Joseph P. Kennedy, American-flag ships were 
carrying about one-third of U'.S. foreign xrade. One of 
the expectations of the legislation was an increase in this 
share to about 50>. une of tne important reasons that we 
are carrying little more than today is not the faulty 
vision of the framers of this law, but rather the failure 
of succeeding governments to maintain this legislation 



in an up-dated condition. 

One of the fundamental concepts of the Act of 1936 
was that its provisions extended only to cargo liners 
engaged in foreign commerce. There was justification for 
this position. In the 1930 *s there was no American dry 
cargo bulk carrier fleet; we '.vere marginal exporters of 
the great bulk staples of grain and coal. In addition, 
there was only the barest beginning of an independent 
tanker fleet. This concept v;as further reinforced when 
in 1957, Chairman Kennedy reported that a study of tramp 



shipping indicated that it would soon disappear in favor 
of cargo liners. The Act took no cognizance of government 
cargo since in the 50 ‘s, there was no important movement 
of government commodities in commercial ships. 

Conditions changed. In 1966, dry bulk cargo in our 
foreign trade amounted to some 206 m.illion tons. Tanker 
cargoes in foreign tra.de increased to 147 m.illion tons. 
Today, the department of Commerce estimates that by 1985, 



dry bulk cargoes will rise in voldme to 381 Tiillion tons 
and tanker cargoes to 255 million tons. The volume of 
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■roveriuncnt car'OGs has oocorr.e a,s':ronoriical . 



‘ne J.2. ^<ov- 



ernnenl: is xoday the world’s largest shipper. 

Yet, despite these major cha.nges ia the U.S. maritime 
environnenx , the basic clauses of the Act of 1936 remain 
essentially unchaiiged. Cargo liners are still xne only 
ships eligible for .construction and operating differential 
subsidies. Ihe failure to change the lav.' to meet changing 
condition he.r; had s. very dram.atic effect. .^ince they are 
not eligible for subsidy under American lav/, U.S. owners 
of bulk carriers and tankers have sought the more favorable 



economic climate of "flags of convenience" - Panama, Lib- 
eria and Honduras. 

Today, Liberia registers 1429 ships accounting for 
S.3/V of the world fleet. This is larger than the U.S. 
active fleet. Table VI shows the number and type of ship 
under American management in the PanLibHon registry: 



n T^T vrr 

— V -L 
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U.S. OV/HLL SKIPS UKLLR PLAGS 0? COUVEHIEUCL 





Dry Cargo 


Tankers 


Totals 


LI3EKIA 


169 


185 


354 


X> >\ !• ’ A 


17 


93 


110 


HOKLUHAS 


10 


0 


10 


TOTALS 


196 


278 


474 



Unfortunately , it cannot be reported that correction 
of this failure is imminent; boxh House and Senate Bills 
introducea a.or ohis purpose during me last session ox 
Congress failed to be enacted. Versions of both these 
bills were first introduced in 1953. Is it possible that 
"America’s leaders have found the subject of a merchant 
marine to be too complicated for correction"?*'^ 



I J 



4 . The Other Siao of Subsidy 

To objectively examine the causes for failure of the 
U.S. maritime pro^^rara, it must be reported thar mere is a 
body of opinion tnat believes tha.t the concept of subsidi- 
sation contained in the Act of 1936 is a direct cause of 
failure. This opinion feels that merchant marine and ship- 
building industry dependence on subsidy has fostered out- 
moded and uneconomical practices. Certainly it is no sur- 
prise that the mainsxream of this thinking is tne agency • 
tham must pay the subsidy. 

Secretary of Treinsportation Boyd, representing tne 
Jonnson Administration, made the case for a new look at 
goverriienm support : 



jh the years as a tradition, the mer- 



“Enduring 1 

chant marine ha.s declined as an industry. Its decline 
parallels its increasing dependence on C-overment support 
through subsidies of one hind or another. Subsidies - 
direct and indirect - have been a compromise answer to a 
difficult situation. They nave prevented Doth tne death 
and the nationalization of the merchant marine." 

"The subsidy system itself is in clear need of reform. 
Instead of encouraging innovation a.nd productivity, the sys- 
tem focuses attention on the subsidy dollar as a source of 
income. A new system must be found that will induce the 
industry to take full 

management ingenuity, and the resources 
force . 



uil aavantage oi aavancing technology, 



of a skiliea laoor 



The Goverrment nov/ subsidizes tne snip operator to 
ma.ke up the differences betv;een certain elements of his 
operating costs and those of his foreign competitors. 

This process ha.s proven inadequate and unsound. Tor ex- 
ample: It reo^uires a network of Goverriaent auditors in the 
steamship company’s offices, as well as an overseas staff 
of Goverrxment employees to provide estimates of foreign 
operating costs. 

It imposes cumbersome administrative procedures upon 
the operator, who is forced to make a detailed justification 
for each of nis subsidy-related costs. 

It requires strict adherence to trade routes and rest- 
ricts the operator from t aking advantage of shifting mar- 
ket conditions. 



It gives the operator little incentive to hold dov/n 
costs, since increases are borne by the Government." 6 



Although there is probably much validity in the pre- 
vious Administration ’ s position, kr. Boyd did not make it 
clear how reduction of subsidy would "encourage innovation 
and productivity" while going out of business. 



u 



p . Tno ■L''ai.i.ure o.l A>^reen;cr. o 
Lasx, bux certainly nox 
Xiie failure of the j^'overnr.ent 
maritime labor and all manner 



the l0£ist in iriiportance is 
, shipowners, shipbuilders, 
of merchant marine interesxs 



to agree collectively or individually on v/hat must be 
done to solve the maritiriie problem, i'he hara.ngue of pro- 
posal and counter-proposal is seemingly endless. The 
exigency of the miUttcr reo^uires that it not be endless. 
..ith each year of indecision and uncertainty, our mer- 
chant marine declines and we are becoming more and more 
dependent on ships of foreign origin to carry our ocean 
trade . 
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? . xhe CrlBis 

Uni^Gd SxaoGs Ivlerchant Ivlarine faces a double 
crisis - one of condition and one of decision. 

Tne crisis of condition consists of siniple definition; 
block obsolescence . of our nercbanx fleet and increasing 
dependence on ships of foreign origin to oransport the 
stuff of our ocean connerce. 

fhe crisis of decision is more difficult. First, we 
must decide whether to correcx the state of our merchant 
Tiarine by renovating the maritime program or whether to 
repeal the principle of the Merchant liarine Act of 1956 
either by deliberate legislative act or by failure to 
act at all. 'while this latter course has not been overtly 
taken, the failure to agree on and execute a plan of 
action has had the same effect. 

ihis paper assumes that the decision to rebuild the 
merchant miarine industry will be an affirmative one. This 
assumption is based on three factors: 



1 . 



The national interests of a 
66 of 77 strategic materials 
from its allies by the world 



country that must import 
1 

a.nd which is isolated 
*s oceans demiand it. 



2. The future logistic needs of an exploding global pop- 
ulation leaves no realistic alternative for the phy- 
sical and economic safety of our people. 



3. The present administration is committed to a revit- 
ilization of the maritime industry. 

Second then, the nation must decide how to rebuild. 
This is the principle thrust of this study. This paper 
will seek to establish that the choice is between an est- 
ablished but short-lived technology and a new but expensive 
one and that in the final analysis, the choice is not one 
of technologies, but vision. 



G . 'I'he Ob.iecoivos of ti-ia Sxucly 
xiie dor;.inar*o purpose of this work is an objective, 
rea.listic a,ppraisal of the econoniic feasibility of mer- 
chant ship nuclear pov/er . Ihis investigation will take 
the following form: 

1 . An examination of the -ent status of world merchant 
ship nuclear power and a representative sampling of 
the attitudes and positions within xhe United States 
that control the choice between conventional or nuc- 
lear reconsxruction of our merchant marine. 

2. The construction, description and operation of a math- 
ematical model of a hypothetical, but realistically 
configured contemporary merchant ship in both a con- 
ventional and nuclear mode. 



5. An objective examination of the comparative economics 
that result from operation of the model under identi- 
cal circumstances. 

4. The conduct of a sensitivity analysis of those factors 
which are realistically variable and v/hich bear dir- 
ectly on the choice between the alternatives. 

5. The review of estimates and forecasts for the supply 
and demand of fossil fuel energy and an assessment 
of their meaning to the future of maritime commierce. 

6. To suggest in summation how the decision between recon- 
struction alternatives should be made to best serve the 
national interest. 
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A. The Preseno Sta.tus of Viorld r.Ierchant Ohio Nuclear Power 



i • 0 u. i 0 0 G. 0 0 a c e s 

N.S. SAVAi'IiUil-i v;as launched oy the New York Shipouild- 
in^ Cox'poration on 01 19130 • V/hon OAVAl-IN/u-I wau turned 

over to xhe government's general agent for operation, the 
harixirue Administration and the Atomic Energy Commission 
had spent 055 million dollars. Prom Pehruary 1962 unxil 
August 1968, SAVANUAIi travelled ixore than 333,000 miles and 
ourned 122 pounds of uranium, xhe equivalent of 21,500,000 
gallons of oil fuel. She completed her first shuffle re- 
fueling at the special servicing complex owned by the gov- 
ernment and operated oy the Todd Shipyards Corporation in 
October 1963 at Galveston, Texas. Now returned to sea, 
SAVANNAH remains the United S-tates' sole operating appli- 
cation of co.iimercial marine nuclear propulsion. No fol- 



low-on ships are 



ning 



13 , 17,18 



being 



constructed and none are in plan- 



2 . best C-erna,n,v 

Europe's first nuclear powered freighxer, OTTO tIAHN 
made her first voyage on 12 October 1968. She is a 25,900 
ton iron ore carrier, smaller and slower than SAVANlhlrl, 
but with an advanced reactor builx by the Deutsche Bab- 
cock and \vilcox, Oberhausen (not connected with the u.3. 
3&Vv ) and Interatom. Her principal mission is the training 
of ..'est Germany's cadre of nuclear ship crews. She will 
carry ore from Narvik, Norway to Bremen, Rotterdam and 
other routes to offset her construction cost of 013.8 
million dollars. OTTO HAHN is 564 feet long with a beam 
of 77 feet and a craft of 30.2 feet. Her cruising speed 
of 15.7 knots is provided by steam driven turbines of 
10,000 SH?. German reactor engineers forecast that in 
the next decade, 50,000-100,000 SH? nuclear merchant ships 

13 18 

will be competitive with conventional installations. ’ 



lb 



3 . J anan 

Or. 27 Ilovcrnber 't9o8, rr.e 
first atoiTiic powered merchant 



keel was la.id for Japan's 
ship at the 'fokyo v;orks of 



Isfiikawa.Jima-Harima Heavy Industries Ltd. The Japan Huc- 
lear Ship Leveiopenent Agency plans to complete the ship 
by 1972; construction cost is reported at S15.S million 
dollars. The 36 megawatt pressurised v/ater reactor v/iii 
be manufactured by the Mitsubishi Atomic Pov/er Industries. 
Like OfxO rhlHN, the Japanese s'nip v/iii serve in the dual 
capacit^^ of freighter and training ship. The ship vviii oe 
429 feet in length v/ith a beam of 65 feet p.nd a depth of 45.5 
feet. A lUjUUU SH? steam turbine will drive the ship at 
a cruising speed of 16.5 knots. It is reported that the 
Japanese governement win pay for three-c^uarter s of the 
building cost and industry the rena.inder. Japanese govern- 
ment agencies have expressed interest in constructing a 
nuclear powered conta.iner ship able to carry 1 , uOo con- 
tainers at 3U knots in the mid 1970's. ‘5,18,19 



4 . Italy 

A coopera.tive consisting of the Italian Havy and tne_ 
national Commission for Atonic Lnergy has agreed to con- 
struct an 18,cu0 ton nuclear merchant ship to be designed, 
financed and operated by the Havy. Tentatively named 
HHHICO PERHI, this 2U knot ship will be propelled by 22,UUU 
3K? steam turbines supplied by a pressurized water reactor. 
One of her primary missions will be the training of civilian 
seamen in nuclear power. The ship win be 574 feet in length 
with a beam of 77 feet and a depth of 44 feet. 

There has been considerable debate in the United States 
as to wnether we have lost the lead in maritime nuclear pow- 
er by failure to foilow-up SAVANNAH with secon^ generation 
ships. The activities of the three countries described 
above make it clear there is little left to debate about. 
Paradoxically, it win be remembered that some 25 years ago, 
the three countries above v/ere referred to as the "axis 
powers". V/hiie the implication of political alignment is 
gone, the phrase seems appropriate in a new sense. 
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i ^0 3 ixior:s ana 



xxituae on .aercn.ant onio auclear ^\o'.ver 



a n xno onx'tod oxa, ~os 

x'here is a xriunverate oi oo-ver in the Unixed otaxes 
thax controls the destiny oi connercial marine nuclear pro- 
pulsion, It is necessary to understand the mood and inter- 
ests oi these forces in order "to assess the prospec:,s for 
merchant ship nuclear pov/er. 

1 . Ihe Government 



a , oonmr ess 

In 1963, Conj^ressxian hdv;ard A. Garmats, Chairiaan of 
the House Subcommittee on Herchant Harine introduced mer- 
chant marine reform le^jislaticn (H.H. IO71) that included 
strong support for merchant ship nuclear power. A compan- 
ion bill was introduced in the Senate by Senator Beall 
the following year (S. 2795 ).^° 

Ihi legislation amended the Merchant Ivlarine Act of 
1956 by adaing a new litle X. The purpose of the ne'.v title 
was to foster "the development, construction, and operation 
of privately o'.vned nuclear powered merchant ships wnose de- 
signs embody significant departures from: the designs of ex- 
isting nuclear powered rr:ercnant ships which may lead to re- 
duction of the cost of constructing and operating future nuc- 

, 01 

Cj.ear pov/ered merchant snips." 

Significant design aepartures included, but were not 
limited to ; 

(1) reactor systems not yet demonstrated aboard ship which 
have potentially greater economic efficiency'’, 

(2) decreased weight per power output, 

( 3 ) extension of pov/er rar.ge appreciably above, or red’uc- 
tion of power range below, the "power ranges of exist- 
ing nuclear po’wered m.erchant ships, 

(4) utilization of multiple reactor systems, 

(5) major moaifications in desig’n, arrangement, fabrication 
or operating techniques, and 

( 6 ) engineering of an existing reactor concept into a ne’vv 



snip type not previo’usly adapted to nuclear po’vver. 
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j^vQT. a casual rcviovv of 'cnocc 



that ouly oliyht tiover.ent in 
embodied iii SAVAll'AK v/ould be 
aid provisions of this legisl 
Providing the prerec^uisi 
Commerce is autnorrzed to: 



one s oate oi 
suff icient 
ation . 

"o 0 S 3,IC6 nGX, 



cmunts inaicatec 
the art over that 
to qualify for the 

the Secretary of 



( ) pay all or part of the excess of development costs, 
inducin'; first fuel core, over the cost of develop- 
ing a comparable conventional ship and, 

(2) pay all or part of the excess of construction costs 
in the United States, including first fuel core, over 
the cost of foreign construction of a comparable con- 
ventional ship. 



In addition, the legislation authorizes the Secretary 
to assist in the training of crev/s, pla,n and design shore 
service facilities, provide appropriate classified infor- 
mation, provide government research and developrtent fac- 
ilities, design review services, ship construction ins- 
pection services and ship operation advisory services. ° 

This legislation put prospective nuclear powered mer- 
chant ship operators on a par, or perhaps even slightly 
ahead of, conventional shipowners. 

These bills were not enacted and have been re-intro- 
duced and defeated during each subsequent session of Con- 
gress. They have been introduced again curing the present 
session, and one of the house versions (H.R. 782) in inc- 
luded in this study as APlhhDIX A for the interested read- 
er . 



onougn tne autatuce ox 
v/irh respect to merchant ship 
there seems to be little conf 



the present administration 
nuclear power is not known 
idence for passage of the 



5 



current legislation. 
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oefore the oub- 
Senate on S.2650, 
9b6 and other 



0 . Aai..inis'uratlon 

On 20 hay 1908, hearin^^s v/cre bet^an 
connitree on herchant Marine oh the U.3. 
a 0 i _i. ^ oO ci.bi4^na wi.e A-^oronc^rio iuc4r.4-ne no o c 
statutes xo provide a new aarixirr.e program. S.2650 cont- 
ained provisions for merchant ship nuclear support as des- 
cribed in xhe previous section of this study. Alan S. Boyd 
Secrexar^' of transportation, represented the administra- 
tion. following a reading of the proposed legislation, 
Secrexary Boyd introduced the administration's version of 
the bill. It did not conxain the word "nuclear", the only 
allusion to xhe subject of merchant ship nuclear power was 
contained in Mr. Boyd's prepared staxement: 



"there is serious doubx as xo the aXxractiveness and 
wisdom of proceeding with a broader nuclec,r ship program 
at xne presenx time. It appears that ^^ov/er reactors of 
the relatively small sizes required for merchanx ship pro- 
pulsion will continue to be noncompexitive wixh oil over 
the foreseeable fuxure." ^ 

I'lo substantiating data were presented for this pos- 
ition, xhus the administration's position must be taken 
cl s g I. V 0 n * 

c . Atomic Energy Commission 

Some history and much concentration is required to 
understand the Commission's stand on maritime nuclear po- 
wer. In hearings before the Joint Committee on Atomic 
Bnergy in 1965 on the development, growth and state of the 
atomic energy industry, xhe position of the ABC towards 
marixime nuclear power was presented, by Comiaissioner Ramey; 



"lie believe xhat the Commission has no'w embarked on a 
realistic and readily understandable program. 



i/e have proposed a xwo-prong approach. 



nv 



the Commission's research and development program for an 



adve,nced civilian marixime reactor 



ine iirsx is 
0 -* 






facility and, xhe 



Sucona, 13 our cooperation wixn xne i.^aritime Aaminisxra- 
tion on xheir nuclear shipbuilding program. 

I/ie objective of the research and development program 
is to obtain an economical, highly reliable, and safe mar- 
itime plant xhat will be competitive with fossil-fueled pro 
pulsion plants. Under xhis program we expect xo build a 
land-based test facility, a laboratory, in fact, where we 
can focus our developmenx ..fforxs, and design, build, and 
operate an advanced-type plant and identify, develop, and 
test future necessary improvements, particularly in comp- 
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po-ien^G ar.a layouts, Tor civilian narixi;r ;0 



J i'l G O *0 - G X' 0 1* O I'l; * 



i C O ^ G i 



01 course 



Ca* *J * J O O- 0 VV ^ ^ ^ i 

*u e 1 xicl i c 



lions oy .;o:;:e 01 me incusiry tnai 0 . 



C) C G lAui i.OL«.^«^i uOl ^ 



ilicy a.rc v/iiliry; to 
Pi primarily tnair o..t. iundo, 
v;ixl xne concxrucxicn oi nuclear powerod nerchanx chips, 
d'he hhC v.’ill be h'^cp'py to coopeiuito \/ixn xne ..'aritirr.e Ad- 
ninisxrx.xion in its eiiorxs to obtaiix iirn fined price 
proposals v;ith reasonable (jac^rcuaxeevD frorr. reactor nanu- 
fx-cxurers a.cccpoable to prospective shipov/ners and the 
A- ar i X i r. e Ada i ni s t r a x i o n . 

uQ have had discussions vvixh the Under Sec; 



;rex:;ry oi 



01 xne r..arixine 
believe xhax this 



Coninerce, Lir . Boyd, and represenxaxives 
Adninisxranoion on xhis a.pproach, ouad v;e 
two-pronped a.pproach v/ill resulx in the rsosx expedient 
development of ada'anced rccvCtor systems that can o^ieet the 
broe,d needs for econo.mic xrans-oceanic tra.nsportation. 

.-'-.s you hnow, v/e are prepared xo proceed v/ith a modest 
efforx now in accordance v;ixh xhe research and development 
propraxi plan outlined to xhe comm.itxee previously this 
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xhe effort was indeed modesx. fable VII shows funds 
requested and expended by xhe ABC for merchant ship reac- 
xors during the fiscal years follov/in " ' 
iX e n 0 • * 



tnis program sxaxe- 



r-.A-x-v vT" 23,40,41,42 

a. V X -a 

A?PRO?HlAfIOhS BOB ABPiChAhl SKI? RBACfOIiS 



* C' r r 

. Soo 



1967 



pod 






Requested: :.j 01,400,000 

C; 

■i -675 



SpOO , 000 



969 I 



Expended : 



49,066 



ii a 

ii 
1! 

i 



0100,000 i| 0100,000 ii 



•'hot available at this time 



,;8,643 of xhe 1967 funds ’..'ere used xo cover cosxo 



associcvoCd v-/x on snipmient Ox ras oe xuel rrom one SnVAihnau 
proxoxype fuel eleixent faoricaxion and irradiaxion program. 
Ihe remainder of the 1967 funds v/ere used for study and 
evaruaticn of nuclear fuel costs, ca.pital costs, cost 
trends and maritime reactor design cosxs.^^ As noted, 
ac v/Uax expend— oures xor xiscal yqsl'ss i 960 and 1969 are 
not yet oiiicialiy availaolo, but it is the author's un- 
derstanding xhat these funds have not been expended. 
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:iQ luc'.: 0 - o. clear indicaxion xh.a.x xhe goal 
a:c ecoixo’.xically Golf-o'ariicieri.x clip S 3 ^sxen in a nuclear 
povvorou nerenanx ileex - was ciearlp' axxainable by either 
or oy Ci cor.binaxion of ooxh. levcloprr.enxs in the reaexor 



echnoloyy and industry" in the last few ^/-ears have act- 

tne goal loss clee.rly atxainaole 
i'^ears previously.'' 6 
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Considering out.Lay oi iunds for the r^erchanx ship 
reaexors prOt^rar;, one v/onders how i:he gOcil becaLie obscure 
in xhe inxerval uexween Corinissioner haney's testimony and 
hr . Kavanagh ’ s statement . 

In apparenx suosxantiation for xhe last sentence of 
his sxaxenienx, hr. Kavanagh explained that the size of 
central staxion nuclear elecxrical g enerating plants has 
been steadily’' increasing, that xhep' can conpete 
feexively in large sizes and xhat capixal costs 
on a unit cost (b/KV/) ba,sis for large ple.nts xhan for snail 



no re ei- 
are less 



ohax 'narrxine nuclear power 
conparison xo those where econon- 

He closed 



planxs. ho further expl 
plants are very snail ir 

ic nuclear electrical power £s showing pronise. 
with the following sxatenent: 

“..'ith this sixua.tion we are not nov/ seriously prono- 
xing the long renege developnent progran using a land ba.sed 
xesx facility of the t^noe we proposed for use several years 
ago. Sinilarl^'’, xhe alxernate evolutionary'' process conten- 
plated in xhe bill (S.26p0) before your connixtee does not 
appear xo us xo have the prospect of leading clearly to xhe 
type and degree of a,dvance which would be needec to w.ahe 
nuclear propelled ships coi.rpetixive with ccn.ventional ships. 



irg 



or 



lS rcc-sons described above we believe that 



oroad nuclear nerenanx 
xhis tine and 
gard is a reasonable one." 



ship progran should nox proceed ax 
Adninistration Posix_ in this re- 
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IV C^v V C^j.j.C.1.. 



correct m 



-in/: 



COwiX XOX* -.cXi-’^C X'OciCXOnxJ X3 -,GS3 Oncin GIuclll. onco^ o.i.3_G i.ciG 

boen borne out by capital cosx oiuciiGS oi racirixirrie appxica- 

2 p . r 

txono as wexx as cencx*al sccioion plants. i.g 

o.lso correct xliao rojictox'S contemplated lor installation 
in even tne lar^jest siiipo would be small in comparison xo 
tne presently evolving size ol central station power reac- 
xors. But the coiiclusiori that max'itiiriO nuclear power is 
ur.competitive by an ana,lysis oi Ccipital cost xrenas in 
central staxion pov/er pxanxs is somewnax underwnelming and 
can naruly oe considered a rigorous examinaxion. 

A stra.ightiorwara xranslaxion of Hr. Ka.vanagh's final 
sxaxement is xnax since the .xnC is nox proceeding v/ith the 
resea.rch and acvelopmerix program outlined by I."r. Harney, nor 
aoes ix favor the near-term ap^...v/ach described by Hr. Harney 
ana supporxed by proposed legislation, the AHC is not sup- 
porting any merchant ship reactors program. 

2 . huclear Industry 



Hollowing significanx success in the application of 
nuclear power to central s ration elecxric power planxs, 

U.b. reactor manufacturers were consideraoly interestea in 
the applicaxion of atomic enei'gy to commercial marine use. 
fhe interesx oii xhe parx of nuclea.r industry is readily 
understandable: ten to twenty reaexors over a period of 
five xo ten years plus follow-on support service represents 
large profit potenxial. 



3 y 1965, the interest was sxill in evidence, but soxxe 
of the vital signs had begun to falxer. Tesxifying before 
xhe (Joint Coirmiittee on Axomic Anergy on the aevelopment of 
xne citomic energy industry. Hr. John \i . Simpson, Vice Pres- 
iaent of xhe ./estingxiouse Alecxric Corporation sxated: 



"V/ 

nuclear 
is a di 
tral st 
future 
for cen 
thax th 
nuclear 
ating o 



e conciuae xnax a xecnnoiogy to bui-d merenanx snip 
oroDulsion nlants is available now 



This xechiio-ogy 



'ecx 



spinoii 



iroxi xne wesxingnouse commercial cen- 
ation nuclear program, and thus will benefix from 
aevelopment in xhat field. As has been the 
tral sxation nuclear power planxs 
e best route to 
ship field is 
f power plants." 
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v/ixica ecov.oi.ical propulsion was uo be achieved 



a *.j 0 U oj*0 jl* "t 
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:.anr;er in 
, rie said: 



X ■'C.ixj’^K ix 



re a. 



x^s a oil dsxion ox 



a r a.:ia x i c o r e axO xhr o ii^*n s bee ai;. s e 



iara v/ora raxner xnan 
xiiid i 0 ncH’O Xo 
preuict a oreak'niroue^ii . I uon'i uniniC xne problem is 
sufiiciently far a'way fro^i economic reality touay xnar 
you WGura require a i..ajor aaveUice. 1 Xiiieik Jusx hard 
•'» 0 x’u f:xnc. yixC adueo. vo-lUi^c o^ coric^p i j laany txi.iGs* **e 
have found in xhe central staxion reovcxors that by ^jusx 
oxXluinf Xi.e:;; ana carryinjf on xhe aevelopraent pro^prams, 
xne cosx has come do'.vn very ii.aterially . " 22 



hr. dimpson was representing cnciX boay of opinion 
that feels xnat the best road to compexitive merchant 
snip nuclear pov'/er is not by research a.nd aevelopment , 
out by volume production of raarixime reactors now. 'this 
is the same as xhe second "near term" alternative des- 
cribed by hr. Ramey. It is nox surprising tha.t this 
view woula be xhat of a supplier. I'he difiiculxy in ac- 
cepxing tnis alxernative is triat ix maximizes public 
risk. Volume production of marixime reactors v;ith- 
out the benefit of a research and development program 
to selecx the opximum design thax would best meet the 
unique needs of maritime application represenxs very sig- 
nificanx outlays of federal monies without the assurances 
ox R CO jJ . 

Otner vendors were beginning to express dismay at 
xhe uncertain direexion in the rmritime reaexors program. 

In compe.ring xiie wesx German maritime nuclear program 
with our own, hr. Richard H. Harrison, Vice President of 
the Babcock and bilcox Company was q^uixe direct; 

"Unfortunaxely , the maritii.'ie rea.ctors prop;ra.m within 
our ow'n country ixas cxiarted a hesixant and confused course. 
In Pebruary of 19^4, tne xiBC xestified before this commix- 
tee tns.x rx v/as tormxnaxing uhe r.oarixime x*eac oors program 
and xhat very little, if any, government support was req- 
uired for xhe GHSG (Beb'./'s maritime reactor) before com;:.er- 
cial utilization. Actua.lly, all Ao-^C support for xhe CiiSG 
had been xerminated in August 196'd, and since xnat time, w'e 
nave continued on our ov/n in furxnering the development of 
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3crM cannot conpexe -v/itn tne Government in developing triis 
reactor, and we xfacx reassess onr own program when t he 
cha.racter and scooe oi xne 



•eorientea ADC plan are rriade 



public. In tlao final analysis;, 



dovoXo-DiTiunt ox 



com- 



morciar aesi. 



.s to be successful, the AiC and indusxry 
must reestablish a common basis for cooperaxion in keep- 
v/ixn the spirit and intent of xhe Atomic hnergy Act of 
19!34." 22 



In an efforx xo take xhe present pulse of xhe nuclear 
industry with respecx to interest in maritime rea.ctors, 
the author addressed a letter of inquiry xo the five lead- 
ers in xl'iax field, 'fhree of the five did not reply. 1‘he 
reply of Combustion Engineering said: 

‘‘while Combustion Engineering maintains interest in 
commercial nuclear ship propulsion, vie ao nox presenxly 
ha.ve a. nuclear steam supply system for merchant ship ap- 
plication in our product line. Eevelopment of our UI.'II.IOE 
reactor, with vdiich you are fe,miliar, v/as discontinued 
aboux four years ago because of lack of commercial inxof- 
est in the application. I might point out that xhe reac- 
tor for the German ore carrier ‘O'liO HAKE' now undergoing 
testing employs the 'self pressurized' concept first in- 
troduced by Combustion." 26 



Personal correspondence with individuals in xhe in- 
austry brought similar replies: 

■‘I am mosx interested by your study. You should knov;, 
however, that all work xermino.ted in mid 1965* I believe 
ix was nox too long after that, that the oxher companies 
who haa been pursuing this maritime program also xermina- 
tea or severely cut back xneir efforts. I know of no 'work 
currently in tuis area oxher than your study. 

Another reply: 

"Eecausc of xne lack of a clear-cut r.iarixime nuclear 
propulsion policy in w'ashington, the Company's nuclear 
merchant snip group here v/as dissolved a year or so ago 
esnd xne personnel assignee xo other xasks. Unforxunately , 
no one is available to provide specific answers to the 
questions raised by your lexxer." 
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^n-ucroot in t..c ncrchani ^nip reactor a pro'jrar.': on 
tnc part oi' rhe nuclea.r industry is clearly hibernated, 
-he close coupling betv/een industry's disinvestrr.ent oi 
intox'csx ana the actions oi rhe Atonic Iner^y Oonnission 
can hardly go unnoticed- 



0 . o ni'oovvners 

— n ii.ay i9oGj tne i'.arrrmo .adnmrsrra'eron adaressed 

a letter oi inquiry to pd shipping conpanies to deternine 

shipov/ner interest in nerchant ship nuclear pov/er. 

hine percent, representing oi the polled conp- 

indicated deiinixe interest in near-tern 

nuclear ships, rorty-iive percent oi the conpanies, ovvn- 

v/ere interested only ii iavorable 

?orxy-six percent, ov/ning 

iae ships were eixher nox inxerested or did not 
27 



anies’ ships. 



O i 01 o/lG SJlip» 



ecorxr.:ies ccu.:.a oe oroven* 
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reply . 

lestiiying in supporx oi iitle X oi the proposed 
anendnent to the lierchanx Xarine Act oi "I Sid beiore the 
House Subcommittee on merchant Harine in 'iSdS, Adniral 
John ivl. V/ill, U.S. Havy (retired), Chairman oi the Board 
oi the American Bxport Isbrandtsen Lines, Incorporated 
(ABIL), made the iollowing statement: 



"Continued operation oi HS SAYAHHiJ-I iurxher convinced 
us nox only oi xhe ieasibility oi nuclear merchanx ship 
operaxicn, but tha.x in the not too distant iuture such 
ships would have a rightiul place in our merchanx marine 
mierely iron the standpoint oi econo rmics. 

Accordingly, in January 1966 v;e made a speciiic and 



detailed ‘oronosal to the Haritime Administration io: 



the 



consxruction oi three high-speed nuclear container ships 
icr sailing on Brade houxe 12." 

"In the latter hali oi lasx year, as a resulx oi price 
escalaxions announced by xhe industry, we did some work to 
update our construction proposal, and to review the econom- 
ics oi the maxter. Cur inixial proposal v/as predicated on 
the beliei that the three large, high-speed ships were going 
to be econor.iically competitive wixh similar iossil-iuel 
iired ships. 

Our posixion todeg^ is essentially unchanged irom the 
standpoint oi enthusiasm, he believe the poxential is there 
bux the road now appears to be a bit longer than we thought. 



Aamixxedry, in iignx oi ' 

X0d.S.y5 V/G ciS G. pjClVS."oG OpG!m>.v 

burden oi a. nuclear ship -srogram, 



:osx situation exisxing 
xhe xotal 
some con- 



iviino "U s, s s 11116 
Ilov/ever, i: 



siderations are given xo details oi the adaed costs oi con- 
struction and operaxicn, including tnoso relmixed to iuel 
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are loaaoci in iavor oi nuclear. I lelievc tne tine xo 
■build additional nucle3.r :norcho.nx snips is nov/ . " o 

proposal reiorred to Ijy Adniral .Vill involves 
the construcxion of three 70,000 SHP nucloai' power ed con- 
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chant ships 'by virtue oi tiieir c^yency ior the ^povernnent 
in xhe operation oi SAYAhhAi-i , fney proba'oly represent t'ne 
most progressive point oi view among s'nipov/ners towards 
nu c 1 e e.r p o w e r . 

line American Ivlerchant Aarine , propped as it is xhrough 
xhe system of direct and indirecx subsidies and struggling 
for survival in world competition, is in no position to 
underwrite xhe cost of merchant ship nuclear power. 

C . S ummary 

It can be stated wixh lixtle equivocation that the 
stare of merchant ship nuclear power is represented bp' 
a complen muddle of conflicting positions and complete 



s tagnaxion. 
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Having co:r.'plozed zha zasks cf reviewing the originc 
and effect of present day rr.aritimc lav.p the state of the 
■Jnixed States herchanx harine and the positions of those 
forces that control nerchanx ship nuclear poxenxial, this 
sxudy Vz'ill nov; present its dominant propose: the economic 
lecisiDility of nuclear propulsion for commercial marine 
applicaxion. 

n* ConCGOcz 

As in most feasioility studios, this paper v/ill ex- 
amine xwo alternatives: xhe conventional oil fueled ship 
as the defender and the nuclear powered ship as the chal- 
lenger. fhcse competing alxernaxives will he compared in 
a realisxic manner, fho basic concept of xhis comparioo.. 
is thax xhe best index of engineering success is profit- 

V 

ability and xhe only rzoaningful measure of profit is the 
afxer-tax return on invesxment. Although there has been 
a serious effort to reflecx actual cosxs in '1970 dollars, 
no claim can be made for cosx precision. Ihe dominant 
purpose of xhe study is to compare the relative profix- 
ability of the two alternaxives ; therefore, as long as 
correcx relative cosxs are presenxed, the resulxs will be 
qualitatively correct if nox quantitatively precise. 

Secondly, the reader will not find in this study 
the phrase xoo often contained in similar comparisons: 
’'I’he nuclear oow'ered alterna,tive is cost comoetixive at 



Sp 6 6 0. S 0 -L 



/znoxs ana a.oove* 



Sucn statements nave 



lixxle meaning if the shipowner can build a slower ship 
that offers cheaper transportation. In short, the defen- 
der will be met on its ov;n ground. 



C . A o'oroach 

Ihe construction of a mathematical model of a hypo- 
thetical, yet realistically co: gured contemporary mer- 
chant ship will be .described . ^-.-1 cost factors related 
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a convGn'cionc-l and 'nuclear coniir;‘a'ra'oio'n under identical 
conditiens and the rco'alts oi eperaoieno are economically 
compared. .'.11 model operatio'no are accomplished through 
the medium oi an Inn ooO rcodel 5c computer. 

'I'he study comp: o -nuclear and fossil f'ael po'.ver by 

assessi’ng the relative costs and profitabilities without 
government support or subsidy. In the opinien of the au- 
thor, these ’vvould onlp- serve to clutter the search for 

s a prac oioexi mc^ o oer , ^nc^ oype 

-.-T 



true economic viability 
ship 'under stud;\ 



j IS not e^rgisie tor eitner tne constr'uc- 



tion or operati'ng uii lere'ntiai suosiay. 

1 V Ship Descri'otion 

Ihe ship 'ander stuay is a bulk-cargo, representative 
of ore carriers, grai'n ships, etc. a'nd is desig'ned for a 
ro'u'nd trip sailing of 24,000 nautical miles, fhe ship is 
ass'umed to sail v/itli full cargo deadv/eight i'n cne direct- 
ion. and return in ballast, fhe cargo discharge point is 
east coa.st United States, fhe ship is part of a captive 
fleet, corporation owned and eenuity fi'na'nced. 0v,"ners re- 
epuire a ret'ur'n on investme'nt of 1 0>b after taxes of 48^3. 

Ship life is ass'umed to be 25 years. 

A bulk-cargo was selected for this study for the fol- 
lov/ing reasons: 

'i , In terms of tonnage, 72yo of our dry-cargo trade is 
bulk, v;hile only 28 )j is liner. ^ 

Serious literature o'n compa'rative ship economics recog- 
nises the b'ulk-cargo type as having the greatest pot- 
ential for nuclear power applicatio'n. ' ’ * ^ 

It is easier for the reader to see ho'vv the fuel v/eight 
savi'ng 'potential of nuclear po'wer is exploited as com- 
pared to other type ships. In the bulk-cargo, the spac^ 
■normally occupied by oil fuel is converted directly to 
increased cargo in the nuclear alternative . 

fhe tech'nical cha.racteri sties of the ship under study 
are- listed in fable VIII o'n the following page. 
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Block coefficient at design draft 


0.80 
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^ . '...Quel Cons .x’uct-Lor. 

Co!T-S*Ci'*«-^C'CiO^ 0* l;0C/.0— . C.G3C2?X0cC* xX/O t-^GC uo-OlXS 

Oor.G true tion Costs, Arr.ual CperatinA Costs, Arutua- 'trans- 
port Capacity, Capital recovery laotor and lieasure of .Merit. 
Cost levels are appropriate onlp' for a single ship accui- 
sition in United Ctates shipyards. 

1 . Construction Cost 

Construction costs consist of null structure, out- 
fitting^ and hull enyineerinA, machinery, miscellaneous 
and desiyn. Ihe basic approach v/iH be to show the con- 
putational r.etnod for material and labor associated v/ith 
these cost centers. 

flation factors v.'ill be summarised at the end of tnis 
section. 



rroiit, overneaa, racor rates ana in- 



a. hull Structure 



nu^ 



structure incxuaes tne main nuri structure, 



perstructure , deck houses, all internal divisional bulk- 
heads, masts, kingposts ana foundations, fhe hull struc- 



ture IS assumea to contain only a nom_na^ amouni 



snec- 



ial steels and aluminum alloys. One long ton (Ll) = 2240 
pounds. Struoture oost is computed as follows; 

Material - (S220/LT) -x- structure weight (Ll) 



Labor = (6'i.5 man-hours/nl ) -x stj 



ire weight (Ll) 



Structure weight = 0.p2 -x. cubic number 



v/here: 0.S2 = th 



ructure steer weign" 



coeiiicient 

cubic number = (Lw3*D)/'i 00 

Structure weight of the nuclear shin is increased by 
SO 

100 tons to provide for a collision barrier. Ihe ool- 
lision barrier serves to absorb the deformation strain 
in the reactor area in the event of collision in craer 
to prevent destructive forces from breaching the reactor 
containment . 



yj 



b. Outri'i:';,!*.- r. ,ia bull jJ;. ■•inocrir., ■ 



UUOxlUw_i-i*l^o CCouo — UC-LUO.0 ^/li^UlUoioUj jj0j-/10j^ 

bulbboauo, bav.se pipes, uecb iit'v/inoS} ca,rjo boorris, anchors, 
ruaaer ana s oOC*c, ^aale^^ cc^uapacnv> ana no. t.cn covers* **una 
ens;inesrin^' consisxs oi non-propulsion r.iecnanical ecpuip- 
nent such as decl; n-achinery, s'ceerinj engine, generators, 
vonsilation and air conditioning syster.s, refrigeration 
plant.s, hull piping syntcrir. , pu.rnps r.,nd oiecirloal nystoras. 
Ihe ship is assur.ed to be non-self-loading and equipped 
vvioh .nechanical hatch covers. Costs are coraputed as follows: 

.Viaseraai = O&nu weight (H) 

Labor = (260 r.aan-hour s/LL ) * O&HL weight (I'l) 

O&HL weight = 0.052 -x- Cubic nuxaber 

where 0.052 = the OdHL weight coefficien'c 

c . Machinery 

Ivlachinery costs include all propulsion ecpuipraenxs, 
fittings, piping systems, instruments and controls from 
screw xo sxack. It is a critical element in this study 
and will be approached accordingly. Assumptions are as 
follow's : 

( 1 ) Ihe huclear Oteam Supply System (NSSS) incorporates 
an air-cooled reactor such as described in references 
20 and 50. 

'it COS': for 'che b'SSS has already been absorbed. 
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(2) 


development cos 


“c for "Ghe 




I'his is a fact 


for several 




including the a 


ir-cooled r 




reference 20 - 


ohe General 


(3) 


lotal macninory 


cos*o is r^' 




arrangement aft 


as iii this 


(4) 


The engineering 


_oictn u j- ^ 



) described in 

r 'ir r\ t. 



Ihe total installed cosx of xhe conventional mach- 
inery plant, including profir and overhead is estimated 
as follows: 

Cost = 0.9'i * $647,000 « (SHlV'i 000)^*^ 

where 0.9'i = machinery aft rcducticn 
SH? = shaft horsepower 



'■jlr 



*h.G “oO Cell. C CL COo'i 0-. uClO GC;.J? ITic^CCC.^ 1*01 y 

"olar.o , ir.cluc.ir.^ proiix anc. overr.eau ou”*; ezclusive oi xae 
cos'c Oi "chc l.'SSS is es'clrr-s^’ceG. as xOiaov.’s: 

COSP = O » 5 "i ■"■ v>o'o5s^^^ / > CiuO y 

the cosi Oi "che AC?. ICaclear Stear. Suppay Systers as 

0 S *C 2.ir*3, o G C. 0.3 i"0 — i-OVvS* 



Cost « 09 25,000 -Ir (OIIP/lOOO) 



0.4 



Cae capital cost atsriouted to tie C-eneral Electric 
f^'^OA AO? for anits after a market lad been estabi- 
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iViCCLG-L b^UA Abii lor ‘Uill-'US 8. 

isled was estimated to be c 1 , 900, OOQ “00 ir. 'i9op." in an 

8 ”C 1 0 ri'O X X C 81* 1*1VG 8o» Xil*SC — COSv> 0Gvy.*.rr*8L»0 8Hd. rTi8iC 0 2.p a. 0 
|^X8X0 3,12- 0 VV 3.HC O XCj? ClIO S ot 0 S o*88 ol cil InCdOctSOS i-H iToS*-/ 



C03 oS j-ii o?0C0iio y0cii*S' 



:n 0 liSSS cost formula aoove rep- 
resents an increase of approximately SO;;;, over tie 630A 
price . 

d . Ivli see 1 lane o u s 

liscellaneoas lardware costs include sucl elements 
as engineering, staging, cleaning, laureling, temporary 
digits, trial expenses, material landling and so fortl. 
ilese costs are estimated in tie model by increasing tie 
sum of all material costs by 5/^ nnd labor by "1 5'/a 

miscellaneous softv/are costs tlat must be added to 
tie construction bill are administration and teclnical 
services, plan approval, inspection, legal fees, consul- 
ting fees, naval arclitects- fees, transportation and 
communications . Software costs are estimated as follo'.vs: 

Cost = 9550,000 -i- 0.015 lotal Construction Cost 

e. Desi.an 



lie sliobuilder * s design clarges are expressed as a 



tj' 

ure cost, outfitting and 
null engineering, machinery and miscellaneous lard'.vare. 



percenta.ge oi tne total oi stj 



j:'or tie conventional slip, tnis is estimated to be apnrox- 

/ *'* 27 

imatery 4'/-'. for tie nuclear snip, tne estimate is 9/'^“ A 

significa.nt contribution to tie difference is tie inclu- 
sion of a very conservative __^ure for tie shipbuilder's 



'::i5 



reactor pia.r.*u zirst-'oi;;.e ana engineering cnai 



.ms coax cou-.a vari/ sirrnj 



:ly depenain^i' on '..'notiaer 



ne snixbuilaer had orior nuclear shin consxrucxion en- 



eex rence 



ina laci-ixies. 
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r. 0 V e rh e a d . labor haxe., Iroflt and Inflation I'acxors 



. cosxs 


centers. Ox'erhead 


C0G' 


GTi.'oS.g 0 


of direct labor. ‘ 


rhis per 


ly amo: 


ng shipyards and is 


deperde 



ine xxoaer app_aes overneaUj raocr raxe, prolix ana 
an adjusxrienx for cosx inflaxion xo each of xhe consxruc- 
4---0- rv^c-rr. o •, r ^ >,£^2 00611 Up pi 0 xl O'.a-X G 1 as a 

percenxaf:<e v/iil varp 

r 

as shiphuildir.a volume and economic climate. A figure of 
70/j has hecn incorporated into the model. Profit is ex- 



5/j in xhe .model. Ihe 
x.'iO lull range oi sxil— 



rcentage 


marh-up o 


eCid and 


-h 3 o 0 u ci u 


8. *0 0 j r 0 pr 0 3 0 r. u r 



lea ana unsxil_ea ...aoor neeaea to oui-.a x.ae snio is 



Lxen 



as 0/ 5.50 per hour, finally.; to eacn of xhe consxrucxion 
costs ha.s ceen added an appropriate inflaxion factor in 
order xo arrive ax 1570 dollars. 

These factors are at lest rough approximations , but 
so long as they are applied ecfually xo both the convent- 
ional and nuclear alternatives, the qualitative results 
v/ill not be effected. 

2 . Annual Ooera.xing Costs 

P.nnual Operating Costs include Aages, Subsisxance, 
Maintenance and Pepair, Stores and Supplies, Insurance, 
Overhead and Miscellaneous, Port Ixpenses, fuel Costs 
and Depreciation. There is a great variety of approaches 
to the subject of operating costs and each is only educa- 

There is no particular vj'^X':^ .-'ipimpn 



ted approximation. There is no particular virtue claii.;ca 



for the methods used in this study, except that xhe results 
seem to agree fairly well with others. 



o. • V/ 0 S 

.'/ages include xhe pay of officers and crew including 
regula.r wages, overxi.;.e, vacation pay, emer^^ ...ecy allov;- 
ances and bonuses. Contributions xo welfare and pension 



’:^6 



o 0 C X ^ 



:3 V. oil ao ur-cr:.ploy...cr.t cor.poiacat^or: ana oirr.ilar 
occuri3y ‘bS.zao v/ouaa alGO og an.c_uaGcl ‘aiadcx' laiG 

,s cos'c is diroc'cly deyenaens or. ~r.e nar.iber of 



29r 



■oorsonirol an aae 






' s cor.rpler.'’.en'c 



is as same d 'zr.s.z 



ua e 



aucloar sr.io will rocaire no more personnel t/ian z'r.e 



c 0 n V 0 n r i c n a 1 a - 1 e r n a r i v e 
as a o 1 X ov»' s i 



!otal corrrolemeni; is calcalared 



Complement = 1.25( rp(Oi;/lOOO)''/°+ 2( CHl/i 000 ) ‘ -12 

wdere; 1.25 = coeiiicient for stewards 



ip = coeiiicient lor decK 
Gil = cabic namber 



1 2 



coeiiicient lor engineering 



1’h.e namber 12 is sabtracted from the total since this 
forirala is applicable to cargo-liners and balk carriers have 



a complement of aboat a aosen less. 

It is as earned that the average v.t 



;or tne convention- 



al snip is Gl5<;000 per man per year, for the naclear ship, 
it is assamcd that these wages will be increased by 1 0;;e dae 
to the increaseo level of skills and edacation reqaired for 



personnel in tne engineering ana commana structare . 



29,51 



b. Sab si stance 



.ea 01 saosi stance ana loaging aooara snip, 
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Sabsistance inclades all edibles for consamption by 
:he ship’s complement and board and room allowances in 

naa.1 sab- 
sistance cost IS compatea by maitip...ying tne complement 
'oy G770. I'his figare is the same for both naclear and 
conventional crews; naclear personnel are better paid, 
not necessarily better fed. 

c. Maintenance and Reoair 



Maintenance and Repair inclades a wide range of charges 
inclading cleaning, painting, scraping, inspection, cost 
of preventive maintenance to ship Gc_^..pment 3 , repairs and 
spare parts. MIR costs are hardly sasceptible to definit- 
ization; trade roate weather, owr.er ' s standards and other 



y{ 



i cl C o 0 11‘ c 
-1. 0 G V : o 



croaxe v/iue var-aaion. xhis cost is estimated a 

- ■'’ 500(SH?/1000)2/ 



= o'.0,000(G::/l000)' 



lac^cor m cne gc: 



s/^ ^ 



3 



340,000 



- •> P| */0 p -r\ -r> rs C- ,rv V- 



xae annua. 



CC5S 01 riaintenance and repairs ro tne null, 'che second fac- 
tor is rr.acninery Z&,~d and the ^40,000 is a correction for 
oulh carriers. 

i'here is a crediolo arnuaonl: for lov/er nuclear 1£:1 



.e supuricr re_iaoi^ity oi. equipment 

20 ,-n. . 1 

fhere is an ecually 



coses oecause o; 

demanded oy hlO ^icensiny stanaards.' 

creditable ar^^unent that although nuclear repairs are less 
frequent, they are acre costly when needed. In the absence 

pQ qr p 

of experience, they are placed equal in the riodel. ’ 
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Cost : 



s and Supplies include all consumables and ex- 
ouiurnent such as tools, utensils, oaint, clean- 



Cost = bS0( corqoier.ent/l 0)*^ 



I'his cost is considered to be equal for the tv/o al- 

*b G ICl'lS. X X V G S «. 
e . I ris-urance 

The annual cost of insurance includes coverage for 
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CillU. 



hachinery and lar-hisk. 



Protection and Inaemn 
Protection and Indemnity (Pdl) protects the shipowner against 



liaoi^it^'’ lawsuits. I'r.is stuay assumes tnat suen action 
would be the result of crew action and therefore is a 
1 unc t i 0 n of c o mp 1 ement : 

Pool Cost = S965( complement ) 

Pdl ra.tes are set higher for the nuclear ship than 

the conventional . line potential release of fission products 
to the atmosphere and resultant biological damage is the 



oasis lor tnis assumption. 



.lUll c..nd :.:acl'-:.ru^ry incarance proviaGc prouccdion 

a "* aa s o daiaa ^ gg co Oi.' j_Ci-jG c— g*^j-p a**a a 1^x0^^ 

ox xae o'xner's past record. x.n 



ivera^e cos": is assurnea in 



aodcl : 



rl&Ix Cost = C'l 0^000 -i- 0 . 007 ( cons tracpion cost) 

War-risk insurance is estir.ated to be 0.1 percent 01 
the conotruction cost ior both, tho conventional and nuc- 
lear snips. 

f . O verhead and Miscellaneous 

Overhead and hiscelleous (Ohh) costs include fleet 
ruana^enent expenses, communication, crev; transportation, 
survey fees, bills of health, fresh v/ater and so forth. 
Ihis cost is the sane for both a.lternatives and is est- 
inated on the basis of vessel displacement: 

O&ivI Cost = 050,000 -r 0 1 2( displacenent/l 000) 

g . Port hx'oenses 

Port eicpenses include such costs as pilotage, customs 
fees, tonnage taxes, tug services, line handlers and so 
forth. Since a specific trade route has not been spec- 
ified for this study other tlnan a round trip distance of 
24,000 miles, this cost can only be generalized on the 
basis of displacemicnt : 

Port Costs = (S1,000 -r C80(displacement/l 000) ) * P.l 

where: RT = tlie number of round trips 
per year 



5: 



Ine computation lor hr wi. 
transport Capacity. 



As v/as the case fo; 



be described in Section 



main^/enance ana repair, there are 
conflicting viewpoints on wb.ether port charges v/ould be 
the same for both alternatives. Ihe nuclea.r ship will ex- 
perience costs that are unique to the nuclear technology: 
health physics support and radioactive waste disposal. On 
the other hand, the nuclear ship will not bear the constant 
costs associated with port refueling which are not insig- 
nificant on an annual basis. Por tlaese offsetting reasons. 



lor 



'::^9 



no cnarnos are inc_u^ta. in xno rnoae. 



i*.e nnicue nort 



me niiciear snip nor are any incluaoa lor oann- 
or oil caryiny for the conven oicnal . 

GG 7x0 u G C. Oxlci /lO Ccixlcl-L tOci,SSG.mG jflclG 0GG7"i 



Ci O O 



iTi G Cl 0 m 



nis Gociion nor in me secmon on irans— 



por'G capacity. Inis is mostly lor tne convenience oi tne 
auxhor but the now enisling conditions in ihe middle east 
provide a convenieni raiionale. 

h. leoreciaiion 



lon-suosiaizca snips are pernitieu to use any reason- 
able rieihod Ox depreciaiion as long as it is consistantly 
applied. Ihe iieihods genera,lly used are straight-line , 
declining balance and sum oi the g^ears-digits , I'or sub- 
sidized vessels, any oi mese three meihods are accepia'ole 
ior income tax purposes, but ior ihe purpose oi subsidy 

accounting, ovrners must depreciate on the straight-line 

^ . b 

oasis . 

The model depreciation is on a straighi-line basis 
and assumes no sal'/age value ai me end oi ship liie: 

lepreciaiion Cost = consiruction cost/25 

i . Fuel 

Computation oi iuel costs are complex and critical 
10 the purposes oi this study. Accordingly, ihey shall 
be described in some detail. 

( 1 ) C onventional Shin 

Co iind total annual iuel cost, the following equation 
must be solved: 

Annual fuel cost = 

barrels/sea day -x- C/barrel * sea days/HT -x- RT/year - $/year 

3ach of the iaciors oi this equation shall be described 
in lurn. The conveniional bulk-ca.rgo ship is assumed to burn 
bunker ’’c” oil at ihe follov;ing rate; 

Barrels per sea day = 50 -i- 54 . 2( SH?/l 000) 
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transpor'^c capacioVj, tae co:avon^ao:aa± saip 1.3 aoounoa 



v^u^P-oviaoci in me oec^ion on 

■' 0 



•uane o 
^ ^ 



oun.-:ors a": xnc poin'c oi car^'o uiscaar^'o - eas" 



’x'aaoa/*a oao co"u.a*i,osv o* -ao oai. jca ooav /03 Ocas 



Gucird, 'chG author o'eraiaod the cost of hunher "c" at each 



01 live aa.ior oorrs on 



xnc 



asuern seaooarc.. 








'1969, the s;.verage price 


of oil , 


V/clG 2 Q 1 


5 per barrel, exclusive 


of barg 


-he 


third factor in the eo 


1 I *->, u- .,• ^ 

u O- 0 . * j 


orip, is 


caicu-.aoed as xoiio’vvs: 






( nau L» .L C3,_ 


milcs/nC 



- U 



.esG por“5s 



(24- iiours/sea 



( 24000 )/( 24-;;- speed) 

•The conputa.rion for speed will oe descrioed in the 
section on rransporr capacity'', as ’will she final factor 
in rhe ecua.tion, round trips per year. 

Collecting ail factors;, the total annual fuel cost for 
rhe conventional ship can he expressed: 

Cos r = ( 50vo4 . 2w( Sri?/ 1 000) )-x-( 2. 1 5 )-( 24000/( 24*speed) )->.?h 
( 2 ) n uclear Shin 

Before forrr.ularing the equation for nuclear fuel cost 
used in the rr.odel, sor.e background is necessary to unaer- 
stand the basic dependences of- nuclear fuel cosr and the 
Vc,riabies involved, Nuclear fuel cosr can be thought of 
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as consisting of the following factors: 

(a) Cost of Breparing 'Jraniurr. 

i'he cost of uraniur. preparation for installation in 

the reactor core includes the costs of natural uraniun, 

2d" 

conversion to enricnrsent in U conversion of enriched 

UIV into UOg and the fabrication of the UO 2 into fuel ele- 

’31621*0 S « 

(b) Cost of PissionsfDle Material 

The net cost oj 

the core is based on the reduction in 
tained from the production of plutonium. 



he fissionable material burned in 

-235 - 

- _ess credit 00 - 
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I'no cost of rcccvc 




rcsia;..ai value of 


uranium 


chjl. 


p 1 u 1 0 ni urn r e m e. i ni ng 




spent core include 


s t.no oo>->o 


of : 


s-.ippiny the spent i 


ucl and 


the che.mical proce 


ssing nec- 



essary to rcs';:ore “lae fuel "co uarketa'ole lorrri. 

(d) Interest on '..orkiny Capital 

lack step in tne fuel cycle, vlnether before, duriny 
or afxer irraaiation of the fuel in rhe reacxor represenxs 
a requirement for ■.vorniny capital, 'fhe cost of the worh- 
iny capital is the interest expense on these funas. 

fhe importance of interest rate to the competitive 
sosition of the nuclear shin cannot be overemphasized . 



Ine aepencency oi interest rate ana the cost oi 
approximately O.'i rnills/SMlHH for every yj chanp 



interest 



;e . 
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in 'thi 
from 



^ovGrnmcnx xo privare owner snip oi nnc-ear lue-. is in pro- 
cess* ‘Prior 10 xhis or 
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rate, the cost of nuclear fuel vvill chanye accordinyly, 



otiaization, or tne rate at v/nicn tne luel is usea 



in tne snip, is secona only 



;o interest rate in imnortance 



ine less time tne s"'’’ 



lonyer it v;ill take to exoend the fuel. Ihe 



to tne economics oi nuc_ea:; 
is at sea, tlie ^onyer lo v.'i__ taxe 
longer the fuel is on boara, the niyher the interest expense 
will be. kart lY of this study v/ill demonstrate graphi- 
cally the importance of this concept. 

nuclear fuel costs are expected to decrease \vith time 
through improvements in technoloyy such as improved fuel 
burnup properties, reduction in the the costs of enrich- 
ment and the economies of volume in the fuel cycle pro- 
cesses. It is ireportant to understand that the volv ; 
economy vvill depend to a considerable extent on the degree 
of similarity between maritime reactor fuel design a.nd 
the present m.ajority user of ni clear energy, -the central 



station power 






.‘he greater tne similarity, tne grea- 



ter tne economy in fabrication and reprocessing . 
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c*. o c 3 X 3.0 0 .' C -^ta w tj C. x3^ oO w**0 r-iCctO — 
cLjTc 0. 33310C.2? c.G.ci.p'ocioxOri Ox x'3,u03 CioOG. -_0x* ^/lO u'cO.O-.ci.— 

liloctric 60O.-. Mar'.- 



.V, a nuolticvr fueled yteau genera ^or- 



superheater aesijnea for ;.'erfcant chip application . Infor- 
ria'cion on rno opOA is uaAen fror. reference 20 ana cited 
herein v/ith rhe Aina permission of hr. A. 3. nelson of 
C-eneral nlectric who co-authored uhe reference with Hr. 



. 0 . .-un 



--- ocrtic- of -Lid fuel cost curve 
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pear in rhe reference are shown in ligure 1 . 

fhe ctssursprions appearing; in rhe reference in sup- 
oort of rnese rares are as follov/s: 



4 



rv. 



:.l uranium will he o5 per pound hy 



no prree oi naru^c.. 

•’em' 

senxly estcihlished j)-4ce fo: 

then wish toll enrichr.enx and 
private ownership of fuel, will he gradually reduced 



e nr i chr. o nt wi 1 1 



continue xr.rcugh 1971 s 



to 70 -/J of presenx cost hy 1974- { loin enrienmenx is 



Q71. [ loll 

an A3C service which provides for xhe enrichment of 
privaxely owned uraniurs for a fee based on the amount 
of separaxiVs. work required. Ihe service is scheduled 
xo hegin in 1969 and was a-uthorizea under the Privaxe 
Ownership of Special huclear Materials Act of 1964. 
lx is expeexed xo he exxensively used in xhe produc- 



tion of enriched fuel for nuclear reactors 
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Ihe cosx or reprocessing and turnahout will he 024,000 
per day from 1970 xo 1972, xnen reduce xo about 018,000 
per day by ahoux 1977 






nen noj.a cons 



O ^ sj • 



Sr^ I w 5 



reprocessing lacii- 



aooux IS xne process in wnicn xne 

ity is cleaned a,nd prepared for xhe reprocessing of 
other xypes of fuel. Ihis relates xo xhe previous 
comment xnat nuclear fuel ecohonp' will ' e dependenx 
on similarity of fuel with oxher types. ) 

The use charge will remain steady at 5. 5 i-> from 1971 cn. 

lo the extent that these conditions do not obtain ax 



xne xime ,oi this wri' 
propriaxe ad^usxmenx 



.ng, luel cosxs are suoject xo ap- 
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>0A nuclear luel coo'oc v/crc; .cirher. - o 



;o a'oou"j 3«5 r.iiilc/lllll . 



re aj-co rnrcrec oi n4 no ^c wn.(j.u ^^**rlc ^*ie **l^^*uo ^ u.^e — 

rare wna^ aooears In o-i^urc i — c c^ooi-^c 2 5^ i-i^xj-s/on— 
xhe oil fuel price of 12.15 assumed in xne model equates 

Inc significance of tnis dif- 
ference to xhe compexixive posixicn of xne xro alxerna- 
xrves v/rll ce more axoarenu in part 11 oi u^.e o^uu^. 

n'ith some lackpiround for tnc fundamental elements 
of nuclear fuel cosx eoxallished;, tne specific formula 
for annua.1 nuclear fuel cost used in xle model can now 
be set forxh: 



Annual fuel Cost = 

late -X- SH? -x nours/seaday * seadays/Al -x- ?.l/year -xr 1/mill 



= i/year 

’.vhere: Hate = mills/SHPrlH 



or 



Cost = Hate -x- 24 * 24000/(24 * speed) -x- Hl/lOOO 



simplifying 



lel Cosx 



SHH -X- 24/speec 



p.o 



5. Annual Irans'oort Ca'oacixy 



' P: ~/TV\ ■> 7 "1 X 



ransyorx caxacixy is ueiinea as xne num- 



oer 01 rong xons oi cargo carried per year ano is oi course 
xne source of revenue. I'he annual transport capacity is 
obxained by multiplying xne long tons of cargo carried 
per round xrip 'oy the number of round trips per year (Hi). 



Hound trips per year is calculaxet 



lox-ows : 



Hi = (5o5 dap's/year * U)/( seadays/Hl -h portdays/Hl) 

lach of the terms in this equation will no'w be def- 
ined and formulcLted; 
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. w*.x-L^- 4. -i-3 ci^ClXGi? ci,u GvJci XG. UX dXi. o j» 

xe cx.r^^o loaxinj anx aiocaar^^e porxs, or is in 






.or xne ^ ^^o^e oi xoaxxn^ or dxscnar jin^* car- 



o 



0. xne axxierence oe“G\veen po> aays ana ^ne nx-^oer oi clay 
involved in ■Uxxis activity is she number oi days thas the 
ohip is in a r^;^)air and uphccp status or is idlo because 
oi “ ' ^ 



c . be 



Oc V ^ 



"~)er Hound uri’. 



Jeauays per round urip ds rhe in transit status de- 
fined above a.nd is conouteo as follows: 



Seadays ^ 1 = round 



'_n aist uoc 



j/( 24 * speed) 



boe< 



Speed is extracted fron an approxinauion of tne fol- 
lowing conventional forr.ula; 



iiH? = 


(V/p50) 


(idAY^ 


where 




effect; 




Y = 


velocx 




d = 


densir; 




A = 


tofal ' 




r\ 

^ = 


*oct;a_L 


This 


formula 


xs cor, 


as bx 


Ige keels, the: 



;_ug s/i o 
. -^-2 



_ = xota.^ resistance coeiiicient 



eiiicient appropriate to tne cnaracteristics ox tne snip 
under study to yield SH2. In the models SH? is the en- 
tering argument and velocity is solved for in nautical 
miles per hour., 

d. Portdays ner Hound Trio 

Portdays per round trip is as defined above under 
utilization and is estimated as follov/s: 

?ortdays/Hl = cargo aeadweight/22000 2 

for the purposes of tnis study, an average figure 
of 3»6 portdays per round trip has been taken. 
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Machinery \-i eight = 2 4 ( SHl/l 000 ) 



Although nuclear machinery plants may someday be 
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such is nox xhe case xoday. In the model, xhe nuclear 
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est 
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convention 
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ren, 
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:ne le; 
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volume remains dor revenue-prouucin/ 
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tnereiore a constant anu its insi^'niiicant weight 
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.oar ship is not decreascu hy additicna.1 duel oil 
requirements, i' ' 
conventional, p 



nas a signiiicant advantage over tne 



nign speeds are concerned. 



CD 


Icng 
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e seen 


in 
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advan'ca^G 



tes ana 
■part IV, 



lear ship economics. 

lor the co'nventicnal ship, d'ael-.veight is calculated 
S, S 1 0 1 u_ 0 V/ s - 

?‘uel Weight = harrels/seaday w seadays/hl -x- long tons/oarU' 
or : 



duel eight = 



5 'X Oo 



(50 54.2 -X- SH?/'000) -X 



a 1 vS e»cW 



24 * vs* spGsd 



ta'nce -x- 1/6.62 



v/nere 



1 .15 
0.5 



= a sadety margin allo'.vance od 
= ha.ld oun.ke'rst i'n ord.er to red'uce the eddect 



Ox lued doadv/eiPd 



cn cargo capacity, 



;ne 



snip 13 ass'umed to take on oun.cers at tne 
cargo discharge port 



6*62 = tne numoer oi oarre.^s per ueng ton 

Additional eco'nomies might be achieved dor the con- 
venticnal ship by taki'ng on halt bunkers at both ends od 



tne voyage 



i: ^ II 



IS cnea'oc 



at tne 



loading port than it is or. the east coast oi ..le u.o. 



Nuclear d'ael ‘vv eight 



combined -wi-. n nuclear machinery 



•plar.t weight as ex’olair.Gd above and dor th 



.ip u'naer stuay, 



4B 



( 440 TjO'C-Ti^S ) . 
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than 200 hilo^rans 
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4. Oaoiral liecovery ‘factor 



uap_ uaa aeoovery facwor is rhe.t percentage of 

<</n e c/ o u c7. a oo^<.s c/X ao .io wl oos^ o^ u ^ ^ci. u oe r^ 

turned annuallp' to the c’.vnors wo pay operating eosws and 
taxes, and still provide a yield of 'i 0>i after waxes. Cap- 
ital recover^' factor is defined as follows: 

C'lC’(‘Defore waxes) = h/l 

v/here: A = annual re warn or revenue less operating 
costs ‘oefore taxes 



? = towal ccnswruowion cos" 



0H'i?’(afwer taxes) = A'/! 
where: A' = 

C?h^ ‘ is developer as follows 
?/N), v/he're 



tax 



^ f - 



— 'oS.X XG. c»0 S.XCI Av = S/lj-P _L 

nd ?/:,' = depreciawion.. 



' — n — u.%, "r .1 /n 

so : 

A' = A(1 - w) -i- w?/h 
Dividing 'ooth sides ‘op* ?; 

= A/? (1 - t) -r w/a 
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